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METHOD AND APPARATUS FOR IN-SITU 
FILM STACK PROCESSING 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] Embodiments of the invention generally relate to a method and 
apparatus for multilayer filmstack removal processing of metal and silicon 
materials in-situ. The invention is particularly useful for thin film transistor 
fabrication for flat panel displays. 

Background of the Related Art 

[0002] Substrate processing is typically performed by subjecting a 
substrate to a plurality of sequential processes to create devices, conductors 
and insulators on the substrate. Each of these processes is generally 
performed in a process chamber configured to perform a single step of the 
production process. A number of process chambers are typically coupled to a 
central transfer chamber that houses a robot to facilitate transfer of the 
substrate between the process chambers, thereby facilitating efficient 
completion of a sequence of processing steps in a processing platform. A 
processing platform having this configuration is generally known as a cluster 
tool, examples of which are the families of AKT PECVD, PRODUCER®, 
CENTURA® and ENDURA® processing platforms available from Applied 
Materials, Inc., of Santa Clara, California. 

[0003] Generally, a cluster tool comprises a central transfer chamber 
having a robot disposed therein. The transfer chamber is generally surrounded 
by one or more process chambers. The process chambers are generally 
utilized to process substrates, for example, performing various processing steps 
such as etching, physical vapor deposition, ion implantation, lithography and 
the like. The transfer chamber is sometimes coupled to a factory interface that 
houses a plurality of removable substrate storage cassettes, each of which 
houses a plurality of substrates. A load lock chamber is disposed between the 
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transfer chamber and the factory interface to facilitate transfer of a substrate 
between a vacuum environment of the transfer chamber and a generally 
ambient environment of the factory interface. 

[0004] Glass substrates utilized in flat panel processing, such as those 
utilized to fabricate computer monitors, large screen televisions and displays for 
PDAs and cell phones and the like, are becoming dramatically larger as the 
demand for flat panels increases. For example, glass substrates utilized for flat 
panel fabrication have increased in area from 550mm x 650mm to 1500mm x 
1800mm in just a few years, and are envisioned to exceed four (4) square 
meters in the near future. 

[0005] Processing systems (e.g., cluster tools) have also increased in size 
to accommodate processing such large area substrates. For example, the 
internal diameter of a transfer chamber utilized to move such large substrates 
between processing chambers in a typical cluster tool has increased from about 
80 to about 135 inches to accommodate the substrate size. Thus, the cost 
associated with tooling configured to process large area substrates continues to 
escalate dramatically. 

[0006] One structure typically formed on large area substrates is a 
transistor. In conventionally fabricated transistors, sequential process steps 
generally include metal and silicon etching, deposition, patterning and etching 
steps repeated multiple times. Figure 14 is a flow diagram of an exemplary 
conventional transistor fabrication process. As the metal etching, silicon 
etching, and deposition processes are typically performed in separate cluster 
tools, the cost for fabricating transistors on large area substrates is high due to 
the number and size of tools, and the additional expense of transferring the 
substrate between tools during processing. Moreover, the number of substrate 
transfers between tools has an adverse effect on product yields due to the 
increase potential for contamination as the substrate is removed from the 
vacuum environment of one cluster tool for transfer to the next cluster tool 
required for the processing sequence. Thus, the continued utilization of 
multiple tools for transistor fabrication is undesirable, particularly in light of the 
significant investment by the manufacturer represented in each large area 
substrate. 
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[0007] Therefore, there is a need for an improved method and apparatus 
for multilayer film stack processing of substrates. 

SUMMARY OF THE INVENTION 

[0008] Embodiments of a cluster tool, processing chamber and method for 
in-situ processing of a substrate are provided. In one embodiment, a cluster 
tool includes at least one processing chamber suitable for in-situ etching of 
silicon and metal layers of a film stack, at least one residual removal station, 
and at least one coating station suitable for depositing a passivation layer on 
the etched film stack. In another embodiment, the same processing chamber is 
configured to perform both etch and deposition processes. 
[0009] In another aspect of the invention, a processing chamber is 
provided suitable for in-situ etching of silicon and metal layers of a film stack. 
In yet another embodiment, the processing chamber includes a remote plasma 
source for exciting a first process gas prior to entry into the processing chamber 
while a second processing gas is delivered to the processing chamber 
bypassing the remote plasma source. RF power applied between a gas 
distribution plate and a substrate support generates and maintains a plasma 
formed from the gas mixture within the processing chamber. 
[0010] In another embodiment, a method for in-situ ashing photoresist, 
etching of silicon, doped silicon and metal layers of a film stack is provided. 
The method includes the steps of etching an upper metal layer of the film stack 
in a processing chamber to expose a portion of an underlying silicon layer, and 
etching several hundred Angstroms into the silicon layer without removing the 
substrate from the processing chamber. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] So that the manner in which the above recited features of the 
present inventions are attained and can be understood in detail, a more 
particular description of the invention, briefly summarized above, may be had 
by reference to the embodiments thereof which are illustrated in the appended 
drawings. 
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[0012] Figure 1 is a plan view of one embodiment of a cluster tool 
configured for in-situ processing of a film stack; 

[0013] Figure 2A is a sectional view of one embodiment of an etch residual 
removal station; 

[0014] Figure 2B is a sectional view of one embodiment of a coat station; 
[0015] Figure 3 is a sectional view of one embodiment of a processing 
chamber; 

[0016] Figure 4 depicts a flow diagram of one embodiment of a method for 
in-situ processing of a film stack that may be practiced in the cluster tool of 
Figure 1 ; 

[0017] Figures 5-13 depict a film stack in various processing stages of the 
method depicted in the flow diagram of Figured 4; and 

[0018] Figure 14 is a flow diagram of an exemplary conventional transistor 
fabrication process. 

[0019] It is to be noted, however, that the appended drawings illustrate 
only typical embodiments of the inventions and are therefore not to be 
considered limiting of its scope, for the inventions may admit to other equally 
effective embodiments. 

DETAILED DESCRIPTION 

[0020] Figure 1 depicts one embodiment of a semiconductor processing 
system or cluster tool 100 configured for in-situ processing of film stacks (/.e., 
without removal of the substrate from the tool) comprising different materials 
formed on large area substrates (e.g., substrates having a device side surface 
area of at least 0.25 square meters). The exemplary processing tool 100 
generally includes a transfer chamber 102 circumscribed by one or more 
processing chambers 104A-E, a factory interface 110, one or more load lock 
chambers 106 and a post etch residual removal station 142. The processing 
tool 100 may optionally include a coating station station 140. In the 
embodiment depicted in Figure 1, one load lock chamber 106 is disposed 
between the transfer chamber 102 and the factory interface 110 to facilitate 
substrate transfer between a vacuum environment maintained in the transfer 
chamber 102 and a substantially ambient environment maintained in the factory 
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interface 110. A transfer robot 108 is centrally disposed in the transfer 
chamber 102 to move substrates between the chambers 104, 106. One 
example of a processing system which may be adapted to benefit from the 
invention is a 25K PECVD processing system available from AKT, Inc., a 
division of Applied Materials, Inc., located in Santa Clara, California. Although 
a method and apparatus for in-situ etching of a film stack is described herein 
with reference to the exemplary processing tool 100, it is contemplated that the 
invention may be adapted and practiced in other processing systems having 
different configurations. For example, it is contemplated that the system 100 
may be comprised of a plurality of processing regions within a single chamber. 
[0021] The factory interface 110 generally houses one or more substrate 
storage cassettes 114, an interface robot 116, the post etch residue removal 
station 142 and the coating station 140. Each cassette 114 is configured to 
store a plurality of substrates 112 therein. The substrates 112 are typically 
formed of glass material suitable for the manufacture of flat panel displays, 
computer monitors, large screen televisions and displays for PDAs and cell 
phones and the like. The interface robot 116 is generally configured to move 
substrates between the cassettes 114, the post etch residue removal station 
142 and the transfer chamber 102. The factory interface 110 is generally 
maintained at or near atmospheric pressure. In one embodiment, filtered air is 
supplied to the factory interface 110 to minimize the concentration of particles 
within the factory interface 110 and correspondingly enhance substrate 
cleanliness. 

[0022] Figure 2A depicts one embodiment of the post etch residue removal 
station 142. The post etch residue removal station 142 generally prepares the 
substrate for deposition after etching by removing contaminants, residues and 
unwanted material from the substrate. 

[0023] In the embodiment depicted in Figure 2A, the post etch residual 
removal station 142 includes a substrate support 204 disposed within a 
chamber body 202, having a process head 220 movable thereover. The 
chamber body 202 is typically fabricated from aluminum or other suitable 
material. The chamber body 202 is generally coupled to the factory interface 
110, and includes a passage 216 for allowing the interface robot 116 (shown in 
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Figure 1) to place and retrieve substrates from the substrate support 204. 
[0024] The substrate support 204 is coupled by a shaft 206 to a lift 
mechanism 208. The shaft passes through an aperture 236 formed in a bottom 
212 of the chamber body 202. The lift mechanism 208 allows the substrate 
support 204 to be moved to an upper position proximate the head 220 for 
processing and a lower position to facilitate substrate transfer. In the lower 
position (not shown) lift pins 210 disposed through the substrate support 204 
impinge upon the bottom 212 of the chamber body 202, thereby causing the 
substrate to become spaced apart from the substrate support 204 as the 
substrate support 204 is lowered, thereby allowing access to the substrate by 
the interface robot 116. 

[0025] The processing head 220 is generally coupled to a top 234 of the 
chamber body 202 by a motion device 218. The motion device 218 is 
configured to scan the head over the entire upper surface of a substrate 
disposed on the substrate support 204. The motion device may be any robot or 
x/z positioning device suitable for moving the head laterally over the upper 
facing side of the substrate 112 retained by the substrate support 204. 
[0026] The processing head 220 generally includes a vacuum nozzle 222, 
a spray nozzle 224 and a gas delivery nozzle 206. The spray nozzle 224 is 
coupled to a fluid source 230. The spray nozzle 224 is adapted to direct a 
stream of fluid suitable for removing etch residual material from the etch 
process from the substrate support. In one embodiment, the fluid source 230 
provides deionized water to the spray nozzle 224. 

[0027] The vacuum and gas delivery nozzles 222, 226 are utilized to 
remove the cleaning fluid after the substrate is cleaned. In one embodiment, 
the vacuum nozzle 222 is coupled to a vacuum source 228 that sucks cleaning 
fluid from the substrate surface after the cleaning cycle. The gas delivery 
nozzle 226 is coupled to a gas source 232 that provides an inert gas to the 
substrate surface to assist in cleaning and drying the substrate. In one 
embodiment, the inert gas is nitrogen. 
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[0028] Figure 2B depicts one embodiment of the coating station 140. The 
coating station 140 is generally configured to apply an organic film for 
passivating the filmstack after etching. 

[0029] In the embodiment depicted in Figure 2B, the coating station 140 
includes a substrate support 254 disposed within a chamber body 252, having a 
process head 270 movable thereover. The chamber body 252 is typically 
fabricated from aluminum or other suitable material. The chamber body 252 is 
generally coupled to the factory interface 110, and includes a passage 266 for 
allowing the interface robot 116 (shown in Figure 1) to place and retrieve 
substrates from the substrate support 254. 

[0030] The substrate support 254 is coupled by a shaft 256 to a lift 
mechanism 258. The shaft 256 passes through an aperture 286 formed in a 
bottom 262 of the chamber body 252. The lift mechanism 258 allows the 
substrate support 254 to be moved to an upper position proximate the head 
270 for processing and a lower position to facilitate substrate transfer. In the 
lower position (not shown) lift pins 260 disposed through the substrate support 
254 impinge upon the bottom 262 of the chamber body 252, thereby causing 
the substrate to become spaced apart from the substrate support 254 as the 
substrate support 254 is lowered, thereby allowing access to the substrate by 
the interface robot 116. 

[0031] The lift mechanism 258, or other mechanism, may optionally be 
configured rotate the substrate support 254. For example, the lift mechanism 
258 may include a rotary actuator or motor (not shown) coupled to the shaft 
256 to rotate the substrate during coating. 

[0032] The processing head 270 is generally coupled to a top 284 of the 
chamber body 252 by a motion device 268. The motion device 268 is 
configured to scan the head over the entire upper surface of a substrate 
disposed on the substrate support 254. The motion device may be any robot or 
x/z positioning device suitable for moving the head laterally over the upper 
facing side of the substrate 112 retained by the substrate support 254. 
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[0033] The processing head 220 generally includes a spray nozzle 274. 
The spray nozzle 274 is coupled to a fluid source 280. The spray nozzle 274 is 
adapted to direct a stream of fluid suitable for coating the etched structure 
formed on the substrate with a passivation coating, for example, an organic 
film. The scanning motion provided to the processing head 220, optionally 
coupled with the rotating substrate, allows the coating to be applied uniformly 
over the substrate. 

[0034] Returning to Figure 1, the transfer chamber 102 is fabricated from a 
structural material suitable for use with process and/or cleaning chemistries, for 
example, an aluminum or steel alloy. In one embodiment, the transfer chamber 
102 is fabricated from a single piece of aluminum alloy. The transfer chamber 
102 defines an evacuable interior volume 128 through which substrates are 
transferred between the processing chambers 104 coupled to the exterior of the 
transfer chamber 102. A pumping system (not shown) is coupled to the 
transfer chamber 102 through a vacuum port 126 disposed on the chamber 
floor to maintain vacuum within the transfer chamber 102. In one embodiment, 
the pumping system includes a roughing pump coupled in tandem to a 
turbomolecular or a cryogenic pump. 

[0035] The transfer chamber 102 includes a plurality of facets for mounting 
the various processing and load lock chambers 104A-E, 106 thereto. A 
passage 144 is formed through each facet coupling the respective chambers 
104A-E, 106 to the interior volume 128 of the transfer chamber 102. Each 
passage 144 is selectively sealed by a slit valve 146 that is movable between a 
closed position that isolates the chamber environments and an open position 
that facilitates substrate transfer between the chambers 104, 106. Each 
processing chamber 104 is typically bolted to one of the facets on the exterior 
of the transfer chamber 1 02. 

[0036] The load lock chamber 106 is generally coupled between the 
factory interface 110 and the transfer chamber 102. The load lock chamber 
106 is generally used to facilitate transfer of the substrates 112 between the 
vacuum environment of the transfer chamber 102 and the substantially ambient 
environment of the factory interface 110 without loss of vacuum within the 
transfer chamber 102. Each side of the load lock chamber 106 includes a 
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substrate transfer passage that is selectively sealed by one of the slit valves 
146 (shown only on the transfer chamber side of the load lock chamber 106) to 
selectively isolate the interior of the load lock chamber 106 from the transfer 
chamber 106 and the factory interface 110. 

[0037] The substrate transfer robot 108 is generally disposed in the interior 
volume 128 of the transfer chamber 102 to facilitate transfer of the substrates 
112 between the various chambers circumscribing the transfer chamber 102. 
The transfer robot 108 may include one or more blades utilized to support the 
substrate 112 during transfer. The transfer robot 108 may have two blades, 
each coupled to an independently controllable motor (known as a dual blade 
robot) or have two blades coupled to the transfer robot 108 through a common 
linkage. 

[0038] It is contemplated that at least one of the processing chambers 
104A-E may be configured to thermally process or heat one or more substrates 
disposed thereon. One suitable thermal process chamber is described in 
United States Patent Application Serial No. 10/025,152, filed December 18, 
2001, by Shang, et al., and is hereby incorporated by reference in its entirety. In 
another embodiment, the substrate can be preheated in loadlock during pump 
down before entering the process chamber. 

[0039] Figure 3 is a cross sectional view of one embodiment of processing 
chamber 104A, which is configured as a plasma enhanced processing chamber 
300. The processing chamber 300 may be configured to perform etching 
and/or chemical vapor deposition processes. 

[0040] The chamber 300 generally includes a chamber body 302 coupled 
to a gas delivery system 304. The chamber body 302 has walls 306 and a 
bottom 308 that partially define a process volume 312. The process volume 312 
is typically accessed through a port (not shown) formed in the walls 306 that 
facilitates movement of a substrate 112 into and out of the chamber body 302 
through the passage 144 of the transfer chamber 102. The walls 306 and 
bottom 308 may be fabricated from a unitary block of aluminum or other 
material compatible for processing. 
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[0041] The chamber body 302 may be thermally regulated. For example, 
the walls 306 and/or other portion of the chamber body 302 may by heated 
and/or cooled by a thermal control system. In the embodiment depicted in 
Figure 3, the thermal control system is shown as one or more cartridge heaters 
378 embedded in the walls 306 of the chamber body 302. The cartridge 
heaters 378 may alternatively be coupled to the exterior of the walls 306. It is 
also contemplated that other temperature control devices/systems may be 
utilized to the control the temperature of the chamber body 302. For example, 
one or more conduits may be formed in or attached to the chamber body 302 
for flowing a heat transfer fluid. Other examples of devices suitable for 
controlling the temperature of the chamber body 302 include radiant heaters 
and resistive heaters, among others. 

[0042] The walls 306 support a lid assembly 310 that contains a pumping 
plenum 314 that couples the process volume 312 to an exhaust port (that 
includes various pumping components, not shown). The pumping plenum 314 
is coupled through an exhaust port 362 to a pumping system 360. The pumping 
plenum 314 is utilized to channel gases and processing by-products uniformly 
from the process volume 312 and out of the chamber body 302. It is 
contemplated that one or more exhaust ports may be alternatively disposed in 
another portion of the processing chamber, for example through the chamber 
walls 306 or bottom 308, with or without use of a pumping plenum. For low 
pressure applications, one or more turbo dry pump may be used to achieve the 
required process pressure. 

[0043] A temperature controlled substrate support assembly 338 is 
centrally disposed within the chamber body 302. The substrate support 
assembly 338 supports the substrate 112 during processing. In one 
embodiment, the substrate support assembly 338 comprises an aluminum body 
324 that encapsulates at least one embedded heater 332. 
[0044] The heater 332, such as resistive element, disposed in the 
substrate support assembly 338, is coupled to a power source 330 and 
controllably heats the substrate support assembly 338 and the substrate 112 
positioned thereon to a predetermined temperature. For example, in a CVD 
process, the heater 332 maintains the substrate 112 at a uniform temperature 
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between about 350 to at least about 460 degrees Celsius, depending on the 
deposition processing parameters for a material being depositing on the 
substrate 112. In another example, in an etch process, the heater 332 
maintains the substrate 112 at a uniform temperature between about 60 to at 
least about 180 degrees Celsius, depending on the etching parameters for a 
material being removed from the substrate 112. 

[0045] Generally, the substrate support assembly 338 has a lower side 
326 and an upper side 334. The upper side 334 supports the substrate 112. 
The lower side 326 has a stem 342 coupled thereto. The stem 342 couples the 
substrate support assembly 338 to a lift system (not shown) that moves the 
substrate support assembly 338 between an elevated processing position (as 
shown) and a lowered position that facilitates substrate transfer to and from the 
chamber body 302. The stem 342 additionally provides a conduit for electrical 
and thermocouple leads between the substrate support assembly 338 and 
other components of the processing chamber 300. 

[0046] A bellows 346 is coupled between support assembly 338 (and/or 
the stem 342) and the bottom 308 of the chamber body 302. The bellows 346 
provides a vacuum seal between the chamber volume 312 and the atmosphere 
outside the chamber body 302 while facilitating vertical movement of the 
substrate support assembly 338. 

[0047] The substrate support assembly 338 generally is grounded such 
that RF power supplied by a power source 322 to a gas distribution plate 
assembly 318 positioned between the lid assembly 310 and substrate support 
assembly 338 (or other electrode positioned within or near the lid assembly of 
the chamber) may excite gases present in the process volume 312 between the 
substrate support assembly 338 and the distribution plate assembly 318. The 
distribution plate assembly 318 generally has a central gas permeable section 
disposed over an area of at least 0.25 square meters to promote uniform flow of 
gas towards the substrate. The RF power from the power source 322 is 
generally selected commensurate with the size of the substrate to drive the 
chemical vapor deposition and/or etch process. Generally, the power source 
322 is suitable for providing about 1 ,000 to about 30,000 Watts at a frequency 
of about 13.56 mHz to the gas distribution plate assembly 318. A matching 
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circuit 352 is provided between the power source 322 and the gas distribution 
plate assembly 318 to efficiently couple power therebetween. It is 
contemplated that greater power requirements may be required to process 
larger substrates in the future. Alternatively, the power can be applied from 
bottom substrate support plate. In this case, the ground will be made on the gas 
distribution plate. In another embodiment, both the bottom substrate support 
plate and the showerhead may be powered. In yet another embodiment, RF 
power may be provided in more than one frequency. 

[0048] The substrate support assembly 338 additionally supports an 
optional circumscribing shadow frame 348. Generally, the shadow frame 348 
prevents deposition at the edge of the substrate 112 and support assembly 338 
so that the substrate does not stick to the substrate support assembly 338 
when deposition processes are being performed. 

[0049] The substrate support assembly 338 has a plurality of holes 328 
disposed therethrough that accept a plurality of lift pins 350. The lift pins 350 
are typically comprised of ceramic or anodized aluminum. Generally, the lift 
pins 350 have first ends that are substantially flush with or slightly recessed 
from the upper side 334 of the substrate support assembly 338 when the lift 
pins 350 are in a normal position (i.e., retracted relative to the substrate support 
assembly 338). The first ends are typically flared to prevent the lift pins 350 
from falling through the holes 328. Additionally, the lift pins 350 have a second 
end that extends beyond the lower side 326 of the substrate support assembly 
338. The lift pins 350 may be actuated relative to the substrate support 
assembly 338 by a lift plate 354 to project from the support surface 330, 
thereby placing the substrate in a spaced-apart relation to the substrate support 
assembly 338. 

[0050] The lift plate 354 is disposed between the lower side 326 of the 
substrate support assembly 338 and the bottom 308 of the chamber body 302. 
The lift plate 354 is connected to an actuator (not shown) by a collar 356 that 
circumscribes a portion of the stem 342. The bellows 346 includes an upper 
portion 368 and a lower portion 370 that allows the stem 342 and collar 356 to 
move independently while maintaining the isolation of the process volume 312 
from the environment exterior to the chamber body 302. Generally, the lift plate 
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354 is actuated to cause the lift pins 350 to extend from the upper side 334 as 
the substrate support assembly 338 and the lift plate 354 move closer together 
relative to one another. 

[0051] The lid assembly 310 provides an upper boundary to the process 
volume 312. The lid assembly 310 typically can be removed or opened to 
service the chamber body 302. In one embodiment, the lid assembly 310 is 
fabricated from aluminum. 

[0052] The lid assembly 310 typically includes an entry port 380 through 
which process gases provided by the gas delivery system 304 are introduced 
into the chamber body 302. The gas delivery system 304 includes central gas 
delivery line 380 coupled at a first end to the entry port 380 and teed at a 
second end between a remote plasma source 384 and a gas panel 386. 
[0053] Optionally, a cleaning agent, such as oxygen and/or disassociated 
fluorine, may be provided through the central gas delivery line 380 to the 
chamber body 302 to remove deposition byproducts and films from processing 
chamber hardware. The cleaning agent may be provided from at least one of 
the remote plasma source 384, the gas source 386 or other source not shown. 
[0054] Optionally, an etching ending point monitoring device can be 
attached to the chamber to monitor the processing progress. Ending point 
monitoring can be optical emission, IR sensing composition, and interferometer 
to determine the thickness. 

[0055] The remote plasma source 384 utilizes plasma to generate radicals 
of a first process gas remotely from the chamber 200, thereby isolating the 
substrate 112 from the high energy and temperature associated with radical 
generation and preventing damage to devices formed on the substrate 112. 
Moreover, the remote plasma source 384 allows greater process flexibility by 
facilitating higher processing temperatures within the chamber, thereby allowing 
processes to be performed on substrates having photoresist and other low 
temperature layers disposed thereon that conventional higher temperature 
processes would destroy, alter, damage and/or remove. 
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[0056] The remote plasma source 384 is coupled to a gas source 390 and 
a power source 388. The gas source 390 generally provides a reactive gas 
which is excited and/or disassociated within the remote plasma source 384 
prior to delivery of the process volume 312. Examples of some gases provided 
by the gas source 390 include at least one or more of Cl 2 , BCI 3> SF 6 , F 2 , NF 3 
and CxFy and their mixture with 0 2 and N2, He, Ar among others. It is 
contemplated that other gases may be utilized for processing different material 
layers on the substrate. The power source 388 generally couples about 1 to 30 
kilowatts of RF or microwave power to the remote plasma source 388 to excite 
and/or disassociate process gas provided by the gas source 390. 
[0057] The gas distribution plate assembly 318 is coupled to an interior 
side 320 of the lid assembly 310. The gas distribution plate assembly 318 is 
typically configured to substantially follow the profile of the substrate 112, for 
example, polygonal for large area substrates and circular for wafers. The gas 
distribution plate assembly 318 includes a perforated area 316 through which 
process and other gases supplied from the gas delivery system 304 are 
provided to the process volume 312. The perforated area 316 of the gas 
distribution plate assembly 318 is configured to provide uniform distribution of 
gases passing through the gas distribution plate assembly 318 into the 
chamber body 302. Examples of gas distribution plates that may be adapted to 
benefit from the invention are described in United States Patent Application No. 
09/922,219, filed August 8, 2001 by Keller et al., and United States Patent 
Application No. 10/337,483, filed January 7, 2003, by Blonigan et al., both of 
which are hereby incorporated by reference in their entireties. 
[0058] Figure 4 is a flow diagram of a method 400 of processing a film 
stack in the cluster tool 100. The method 400 includes at least a method of 
etching 402 a film stack in-situ the processing chamber 300 (i.e., without 
removal of the substrate from the chamber 300), and may optionally include a 
step 404 of removing etch residues in-situ the tool 100 (i.e., without removal of 
the substrate from the tool 100) and passivating the etched film stack in-situ the 
tool 100 (i.e., without removal of the substrate from the chamber 300 and/or the 
tool 100) at step 406. The method 400 is best described with reference to 
sequential schematic diagrams of a film stack 500A-I depicted in Figures 5-13 
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corresponding to various stages of the method 400. The ranges of power and 
flow of gas delivered in the method 400 described below are suitable for 
processing a 1.2m x 1.5m substrate. It is contemplated that additional power 
levels and gas flow rates may be required for processing small or larger 
substrates. It is also contemplated that it may be desirable to maintain the 
temperature of the chamber body 306 substantially equal to the temperature of 
the substrate during processing. 

[0059] It is contemplated that the exemplary method 400 is but one 
method that may be practiced within the processing chamber 300. For 
example, in-situ etching of at least two different layers is contemplated, where 
the layers are selected from the group consisting of metal, amorphous silicon, 
N+silicon, silicon and passivation nitride. 

[0060] Figure 5 depicts one embodiment of the film stack 500A disposed 
on the glass substrate 112. The film stack 500 includes a gate metal layer 502 
disposed between a gate insulation layer 520 and the glass substrate 112. A 
semiconductive layer is disposed over the gate insulation layer 520. In one 
embodiment, the semiconductive layer includes one or more silicon layers. In 
the embodiment depicted in Figure 5, the semiconductive layer is an 
amorphous silicon (a-silicon) layer 504 disposed over the gate insulation layer 
520 and a N+/a-silicon layer 506 is disposed on the a-silicon layer 504. A 
second metal layer 508 is disposed on the N+/a-silicon layer 506. A patterned 
photoresist (resist) layer 510 is disposed on a portion of the second metal layer 
508 overlying the gate metal layer 502. The photoresist layer 510 includes a 
thinner section 512 substantially centered over the gate metal layer 502 
disposed between thicker sections 514. This type of film stack is used for 4- 
mask processing. One method for 4-mask processing is described by C.W. Kim 
et al., SID 200 Digest, paper no. 42.1, p. 1006 (2000)). This invention intends to 
completes all the etching steps in one chamber. Materials suitable for the gate 
metal layer 502 include aluminum, aluminum alloys, chromium, molybdenum, 
titanium, and combinations thereof. Materials suitable for the gate insulation 
layer 520 include dielectric materials, such as SiN, SiO x> among others. In one 
embodiment, the gate insulation layer 520 is SiN x . The subscript X, as used 
herein, represents a positive integer. Materials suitable for the second metal 
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layer 508 include aluminum, aluminum alloys, chromium, molybdenum, 
titanium, and combinations thereof. 

[0061] The method 400 begins at step 410 when the substrate 112 having 
the film stack 500A disposed thereon is transferred from one of the cassettes 
114 to the processing chamber 300. Once in the processing chamber 300, the 
method of etching 402 the film stack 500A begins by etching exposed portions 
of the second metal layer 508 at step 412. 

[0062] In one embodiment, the second metal layer 508 is etched in the 
chamber 300 by providing 0-5000 seem of BCI 3 and 50-500 seem of chlorine 
comprising gas, such as CI 2 /HCI. Optionally, 0 2 and/or He may also be 
provided to the processing chamber 300 at flow rates between 50-500 seem. 
The BCI 3 is first exited in the remote plasma source 384 by coupling about 1-30 
kWatts of power thereto. A plasma is formed from the gas mixture within the 
chamber 300 by applying about 5-30 kWatts of RF power to the gas distribution 
plate assembly 318. The bias power additionally provides activation energy to 
etch the second metal layer 508. The metal etch step 412 is generally selective 
to the N+/a-silicon layer 506, which may be used as an etch stop. In one 
embodiment, step 412 includes delivering about 1000 seem of BCI 3 to the 
remote plasma source 384, energizing the BCI 3 with about 5 kWatts of power, 
delivering about 2000 seem of CI 2 /HCI to the processing chamber 300, and 
biasing the gas distribution plate assembly with about 10 kWatts of RF power. 
Step 412 is generally performed at a pressure between about 10-500 mTorr 
and at a substrate temperature of about 100 ± 60 degrees Celsius. The metal 
etch step 412 produces a film stack 500B that is depicted in Figure 6. The use 
of the remove plasma source 384 to active, excite and/or dissociate at least 
portion of the process gases allows for higher processing temperatures, which, 
in concert with the capacitive power applied between the gas distribution plate 
assembly and substrate support, thereby allow the film stack to be efficiently 
etched with reduced temperature excursion due to plasma heating. 
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[0063] After completion of the etch step 412, a silicon etching step 414 is 
performed on the film stack 500B without removing the substrate 112 from the 
chamber 300. The silicon etching step 414 removes exposed portions 528 of 
the a-silicon layer 504 and the N+/a-silicon layer 506 extending laterally from 
under the photoresist layer 510 and second metal layer 508. The silicon etch 
step 414 produces a film stack 500C that is depicted in Figure 7. 
[0064] In one embodiment, the a-silicon layer 504 and the N+/a-silicon 
layer 506 are etched in the chamber 300 by providing fluorine comprising gas 
and about 500-10,000 seem of 0 2 to the processing chamber 300. The fluorine 
comprising gas may be excited and/or disassociated in the remote plasma 
source 384. In one embodiment, about 50-2,000 seem of SF 6 is provided by 
the gas source 390 and disassociated into fluorine radicals by coupling about 5- 
30 kWatts to the SF 6 gas in the remote plasma source 384. A plasma from the 
gas mixture within the chamber 300 is formed by applying about 5-30 kWatts of 
RF power to the gas distribution plate assembly 318. The bias power 
additionally provides activation energy to etch the silicon layers 504, 506. The 
silicon etch step 414 is generally selective to the dielectric layer 520, which may 
be used as an etch stop. Alternatively NF 3 may be utilized to replace SF 6 in 
any of the silicon etching steps 

[0065] In one embodiment, step 414 includes delivering about 500 seem of 
SF 6 to the remote plasma source 384, energizing the SF 6 with about 10 kWatts 
of power, delivering about 1000 seem of O2 to the processing chamber 300, 
and biasing the gas distribution plate assembly with about 5 kWatts of RF 
power. Step 414 is generally performed between about 10-500 mTorr and at a 
substrate temperature of about 100 ± 60 degrees Celsius. 
[0066] Following the silicon etching step 414, a partial ashing step 416 is 
performed in the chamber 300 on the film stack 500C. The partial ashing step 
416 removes the thinner section 512 of the photoresist layer 510 to expose a 
portion 530 of the second metal layer 508 between the thicker sections 514 of 
the photoresist. In one embodiment, the thinner section 512 of the photoresist 
is removed by ashing to expose a portion 532 of the underlying second metal 
layer 508. 
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[0067] One example of a suitable ashing process comprises providing 
between about 500-10,000 seem of 0 2 to the processing chamber 300 from the 
gas source 386. N 2 may additionally be provided to the processing chamber. A 
plasma from the 0 2 within the chamber 300 by applying about 5-30 kWatts of 
RF power to the gas distribution plate assembly 318. The ashing step 416 is 
stopped when the underlying second metal layer portion 532 is exposed. In 
one embodiment, step 416 includes delivering about 4000 seem of 0 2 to the 
processing chamber 300, and biasing the gas distribution plate assembly with 
about 10 kWatts of RF power. Step 414 is generally performed at a pressure 
between about 10-1,000 mTorr and a substrate temperature of about 100 ± 60 
degrees Celsius. The partial ashing step 416 produces a film stack 500D that is 
depicted in Figure 8. 

[0068] The exposed second metal layer portion 523 of the film stack 500D 
is etched at step 418 in the chamber 300. The metal etching step 418 exposes 
a portion 534 of the underlying a-silicon layer 504. In one embodiment, the 
metal etch step 418 is substantially identical to the process parameters of step 
412. The metal etching step 418 produces a film stack 500E that is depicted in 
Figure 9. 

[0069] At step 420, the a-silicon layer 504 and the N+/a-silicon layer 506 of 
the film stack 500E are etched in the chamber 300. The silicon etch step 420 
breaks completely through the a-silicon layer 504 and partially through the 
N+/a-silicon layer 506, thus forming a channel 524 in the N+/a-silicon layer 506. 
The channel 524 includes a thin strip 526 of N+/a-silicon material covering the 
gate insulator layer 520 above the gate metal layer 502. The silicon etching 
step 420 produces a film stack 500F that is depicted in Figure 10. In one 
embodiment, the silicon etching step 420 is substantially identical to the 
process parameters of step 414. 

[0070] At this stage, there may be overhang of top layer metal over N+ 
silicon layer. Optionally, another second metal etch step may be performed as 
described above to trim back the overhang to create a smooth taper. 
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[0071] Remaining portions 536 of the photoresist layer 510 shown in the 
film stack 500F are removed from the second metal layer 508 at step 422. In 
one embodiment, step 422 is performed in the chamber 300 to remove the 
photoresist layer 510 using process parameters substantially identical to the 
parameters of step 416. Alternatively, the remaining portions 536 of the 
photoresist layer 510 may be removed by ashing or other suitable processes in 
another one of the processing chambers coupled to the cluster tool 100. The 
photoresist removal step 420 produces a film stack 500G that is depicted in 
Figure 11. 

[0072] The etched substrate containing the film stack 500G further 
processed at step 404 to remove residual material from the etch step 402. The 
residual removal step 404 includes a step 430 of transferring the film stack 
500G to the residual removal station 142 for processing at a removal step 432. 
In the embodiment depicted in Figure 1, the etched substrate remains in-situ 
the tool 100, by passing the etch substrate through the load lock chamber 106 
to the residual removal station 142 disposed in the factory interface 110. 
Optionally, the residual removal station 142 may alternatively be located in 
other locations within the tool, or optionally, at a location remote from the tool 
100 within the FAB. In processes where the etch step 402 leaves substantially 
no residues, step 404 may be bypassed. 

[0073] In one embodiment, the step 432 of removing residual material from 
the etched substrate 112 comprises rinsing the substrate by flowing de-ionized 
water over the substrate to remove the residual material, vacuuming off de- 
ionized water left from the rinsing step, and blowing nitrogen onto the substrate 
to assist in removing wafer left from the rinsing step. It is contemplated that 
residual material may be removed by other processes. The residual removal 
step 432 produces a film stack 500H that is depicted in Figure 12. 
[0074] After step 404, the cleaned substrate having the film stack 500H is 
passivated at step 406. The passivation step 406 includes a step 440 in which 
the substrate is transferred to the coating station 140 for a deposition step 442. 
It is contemplated that the processing chamber 300 (and/or another one of the 
processing chambers coupled to the tool 100) may be configured for deposition 
and utilized as an alternative to the coating station 140. The deposition step 
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442 generally provides a passivation layer 540 comprised of a dielectric 
material over the film stack 500H. Materials suitable for use as the passivation 
layer 540 include nitrides, SiN and organic films, among others. In one 
embodiment, the passivation layer 540 is comprised of SiN x applied in the 
processing chamber 300. In another embodiment, the the passivation layer 
540 is comprised of SiN x applied in the coating station 140. The deposition step 
442 produces a film stack 500I that is depicted in Figure 13. 
[0075] In one embodiment, the deposition step 442 includes providing 
silane (SiH 4 ) (100 to 500 seem) and ammonia (NH 3 ) (500 to 2000 seem) in a 
carrier gas of nitrogen (1000 to 20,000 seem) from the gas panel to the 
processing chamber 300. The processing chamber is maintained at a pressure 
between about 0.8-2.0 Torr. The temperature of the substrate 112 is 
maintained at about 300 to at least about 350 degrees Celsius during 
deposition. The gas distribution plate assembly 318 is biased with RF power to 
form a plasma from the gas mixture within the chamber 300. This process 
results in a deposition rate of about 2000-3000 angstroms/min of silicon nitride. 
Other suitable deposition processes are available from AKT, Inc., a division of 
Applied Materials, Inc., located in Santa Clara, California. 
[0076] Other films which may be etched in discrete processes using the 
remote excitation of the process gas as described above include undoped 
amorphous silicon, N+ amorphous silicon, silicon nitride (PECVD or other type), 
chromium, molybdenum, aluminum (commercially pure or alloyed, for example, 
with at least one of Si, Nd or Cu) and titanium. Both undoped amorphous 
silicon and + amorphous silicon may be etched with a gas mixture of 0 2 and 
NF 3 or a gas mixture of 0 2 and SF 6 . Either mixture may optionally include Cl 2 . 
Silicon nitride may be etched with a gas mixture of 0 2 and NF 3 , a gas mixture of 
0 2 and SF 6 , a gas mixture of 0 2 and CHF 3 , or a gas mixture of 0 2 and other 
C x HyF z gas, including C X F Z . Chromium may be etched with a gas mixture of 0 2 
and Cl 2 . Molybdenum may be etched with Cl 2 , a gas mixture of 0 2 and Cl 2 , a 
gas mixture of 0 2 and NF 3 or a gas mixture of 0 2 and SF 6 . Aluminum and 
titanium may be etched with a gas mixture of Cl 2 and BCL 3 or a gas mixture of 
Cl 2 and SiCI 4 . 
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[0077] Thus, various embodiments of a cluster tool and method for 
processing a multilayer film stack have been provided. Advantageously, a film 
stack may be processed to fabricate a transistor structure without leaving the 
cluster tool, thereby significantly reducing the number of tools and FAB footprint 
and utility requirements as compared to transistor structures conventionally 
form by sequential processing on multiply individual tools. Moreover, as low 
temperature etching of both metal and silicon layers may be performed in-situ a 
single processing chamber, the fabrication time and tooling requirements are 
also significantly reduced as compared to conventionally processed substrates. 
[0078] While the foregoing is directed to the preferred embodiment of the 
present invention, other and further embodiments of the invention may be 
devised without departing from the basic scope thereof, and the scope thereof 
is determined by the claims that follow. 
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